This paper presents Community Knowledge Sharing (CKS). an asynchronous discussion system designed for use in the developing world. CKS supporrs community development by allowing communities to interact, share and leant fiom each other. Recognizing that large segments ofthe population in rural communities have low levels of literacy, CKS implements a multi-literate design in which the system can be customized based on the abilities and preferences of the user. An evaluation of CKS, conducted in a rural agricultural community in the Dominican Republic, found that low literate users prefer fully iconic inferfoces. Future systems designed for use by people with a range of literacy skills must ensure thar iconic interfaces pro vide users with rhe audio and visual queues they need to work effectively.
Introduction
Community Knowledge Sharing is a software application that supports community development by allowing communities to interact, share and learn from each other. The premise of CKS is that communities have information needs that can be filled through direct communication with other communities. It implements a multi-literate interface that allows use by people of all literacy levels. Community members become both producers and consumers of information, empowered to share and learn from each other over the Internet. A series of investigations around the multi-literate design were performed in a community in the Dominican Republic, and found that people with low literacy skills prefer to use fully iconic interfaces.
In its 1999 Human Development Report, the United Nations Development Programme stated "Knowledge is the new asset: more than half of the GDP in the major 0-7803-7824-0/02/$10.00 02002 IEEE OECD countries is now knowledge-based" [7] . The transition to knowledge-based economies, brought about by advances in information and communication technologies (ICTs), has had a dramatic impact on the economies, societies and cultures of the Westem world. It has been argued that these changes have created an imperative for developing countries: deploy and benefit from ICTs or risk exclusion from the global networked economy of the future.
But what sorts of knowledge would most bring most benefit to people in developing countries, most of whom live in rural areas? In Bohechio, a rural community in the Dominican Republic, the introduction of a community telecenter brought a new set of information needs. The government of the Dominican Republic installed a Little Intelligent Communities (LINCOS) telecenter in Bohechio in early 2000. LINCOS introduced a wide range of services including computers, radio, telephone and telemedicine. In theory, it created new opportunities for the village. In reality, Bohechio's residents did not have the knowledge to utilize, manage and appropriate the technologies. Very few adults had used computers before, and nearly half of them lacked hasic reading and writing skills.
Community Knowledge Sharing was created to allow all community members to use and benefit from the computer network, regardless of their abilities. Inspiration for the system is drawn from the extensive research in network news. Ever since the early days of networking, network-based news and discussions have become an effective means of sharing information and ideas over computer networks. CKS is a software application to extend network-based discussions as a means to share knowledge with villages like Bohechio. CKS supports asynchronous threaded discussions across the Internet. Recognizing that more than half of the lowincome countries' population is illiterate, CKS introduces an interface usable across a range of literacy levels. The system supports four basic functions: logging in, navigating the bulletin board, reviewing content, and entering content. In each case, the interface operates in multiple modes to support a range of user preferences around reading, writing, and recording messages.
This study explores whether the multi-literate interface design implemented in CKS increases accessibility to the technology. Through an evaluation in Bohechio, the research investigates correlations between literacy skills and preferred interaction modes, specific opinions towards the interface modes, and general opinions towards multi-literate technologies.
Related work
Currently, the body of engineering research on information technologies for development is quite small. Community Knowledge Sharing is informed by work at the intersection of engineering, development and literacy.
One of the main barriers to widespread computer use in rural communities is the low level of literacy that often exists. Examples of technologies that overcome or seek to remove this barrier can be found in the literacy research community, where much of the work is focused on technologies to support education. Hand explains that the introduction of ICTs into the literacy education curriculum has changed how people read and write, and how educators teach reading and writing [2]. Software and digital media bring new flexibility to education. Rose and Meyer write that 'the capacity of new media for multiple representations. carries many pedagogical advantages' [6]. Multiple presentations of media can be derived from one electronic document, for example text read through a speech synthesis program while being displayed on screen.
Community Knowledge Sharing is a novel attempt at supporting community development using technology that combines the multi-media nature of literacy tools with networked asynchronous, communications, which has developed into one of the most popular means of social interaction on the Intemet. From its roots as a means for computer hobbyists to exchange information, it has become an expansive forum in which communities can form around common interests and concerns. Much of the current research in the network news community is focused on how to navigate, manage and manipulate the huge volume of content accumulating daily in global news servers. Research into filtering systems aim to help users find desirable information from the news network and eliminate undesirable information, which is critical as systems such as CKS grow [5] . Visualization systems seek to build rich environments to help users navigate and understand the large quantities of news content. They apply graphical interfaces to see information that is hidden or unavailable in textual representation. The challenge is to identi@ the salient data and represent it accurately and intuitively [l] . An example similar in spirit to CKS is the CommunityBoard [3], which presents an integrated view of discussion participants, topic and time.
Technology description
Community Knowledge Sharing allows people to navigate a bulletin board of discussions and messages, review and enter messages into the bulletin board, and customize the interface according to their preferences.
The CKS design has been informed by three principles. First, the system is designed'to support use by people with a wide range of literacy skills. New information technologies intended for community use in rural areas must accommodate segments of the population with low literacy-levels, To not do so will risk creating new digital divides within communities. This segment of the population will remain excluded from computer use until appropriate interfaces are designed and developed.
Second, CKS is designed to not mimic the look-and-feel of standard Windows applications. Most keyboard and mouse-based Windows applications assume that users have a certain level of technical proficiency. CKS has no menu bar, it is not situated in an adjustable frame, there are no special keys or mouse mappings. Users are required to leam only a small number of actions. Third, all content on the system is to be accessible to all people.
Users of CKS may choose to enter typed messages, which may not be understandable to others. Since one goal of the system is to reduce communication barriers within and between communities, CKS performs text-to-speech synthesis on all written content.
Users wishing to join the CKS online community must register with their local system administrator. In doing so they provide information such as their name, village and interface preferences. The administrator takes the user's picture and captures their fingerprint, and sets up a digital identity for the user on CKS. In subsequent uses of the system people are able to access four main functions: logging into the system, navigating the Bulletin Board, reviewing a message and entering a message.
Logging in
Similar to an email account, logging into CKS associates users with their digital identities in the system. During the login procedure, the system retrieves the users' interface preferences and configures the interface accordingly. CKS uses a fingerprint reader to validate users' identities. Fingerprint scanners are a highly secure method of login that does not require any literacy skills.
Navigating the bulletin board
Having logged into the system, the user is able to view the Bulletin Board, which stores all messages in the system. It is organized as a multiple-level hierarchy, Figure 1 -Navigating the CKS bulletin board where discussions are classified under subject areas. In navigating the Bulletin Board the user can expand and collapse elements in the hierarchy, and move up and down between nodes. As seen in Figure 1 , the Navigator can be rendered three ways: with text and icons, with icons only or with text only (not shown). This choice of interface mode extends to the entire interface. If the user prefers the text and icons mode, all buttons and titles in all panels will be displayed with text and icons.
In Figure 1 , a discussion on the price of beans is shown (Precio de las habichuelas), classified under Agriculture (Agricultura) and Products (Producto). The currently selected item (Producto) is highlighted with a box frame. Immediately helow and to the left of the message list is a set of icons showing the face of the user, the current item selected, and if relevant, the author of the item. To its right are buttons to create new discussions (Agregar) and move up (Aniba) and down (Abajo) the tree. The user navigates between messages by using a pointing device such as a mouse or touch screen, or using the upidown buttons.
Reviewing messages
Once a message of interest in the Bulletin Board has been found, the user can review its contents in either its original form (Figure 2) , or in audio. The original mode shows the message as created by its author. If the author typed the message, the contents will be displayed as text on the screen. If the author recorded the message the user will be able to initiate playback through a series of controls. If both text and audio messages were entered, all of these controls are displayed. The audio mode will only show the message playback controls. For messages that were recorded by the author, pressing play will start the audio playback. For messages that were typed by the author, pressing play will start a speech-synthesized rendition of the text message. All messages in CKS are publicly accessible; anything posted in the system can be read or heard by anyone.
Entering messages
Having navigated to a message of interest and reviewed its contents, the user may wish to post a response. Users can enter messages by either typing text, recording audio or doing both. Three message entry panels have been developed to allow this. The first allows users to both enter text and record messages. For text messages, the user types in a subject and body. For audio, a control panel is used to start, stop and replay the recordings. The audio mode displays only the audio controls and the text mode only the text boxes. On completion, users can choose to either add the message to the bulletin hoard or cancel it. If added to the Bulletin Board, the new message will appear helow its parent, indented one level. The author's portrait will be displayed along with the subject line, or in the case of audio messages an indication that no subject was provided.
Community background
An evaluation of Community Knowledge Sharing has been conducted in Bohechio, an agricultural community in the eastern Dominican Republic.
Profile of Bohechio
Bohechio is located in the San Juan County of the Southern region of the Dominican Republic. It is one of the more isolated and least developed communities on the island. Based on a recent poverty survey in the region: 15% of the houses in the community need floors, 16% ceilings, 21% walls, 51% bedrooms, 65% water, 63% bathrooms and 53% electricity.
The population distribution is skewed towards the young and the elderly. The church estimates that approximately 20% of the population is less than six years old, 20% between seven and 13 years old, and 60% greater than 14 years old. Most middle-aged families leave Bohechio to find towns or cities with more lucrative opportunities.
The total elementary school population in Bohechio County is 2,312 students. There are twelve elementary schools, two secondary schools and two centers for adult education. Every year approximately 30 to 32 students leave the town of Bohechio to study at one of the two universities in San Juan, or elsewhere in the country.
A priest in Bohechio estimated the current illiteracy rate to be 40%. An ongoing five-year project to decrease illiteracy in the town has produced small results, with 20% of the illiterate adult population Ieaming to write their own names. LINCOS is an innovative multi-purpose community telecenter that integrates a variety of services and multimedia applications to empower community development. It is configurable for both wired and wireless operation, allowing it to be deployed in any part of the world. The services include: a computer lab with office applications and internet connectivity, a local wireless telephone network connection, a business center with a printer, scanner and fax, a telemedicine lab offering electrocardiogram and blood pressure testing, soil and water testing equipment to support local agricultural activities, community television, public phones, local radio and videoconferencing.
It is estimated that in July 2000, approximately 150 people visit the container each day, of which 75 use the phone, 45 use the'computers, and 30 use other services like the copier or scanner. One impact of the low literacy rate in the community is that vely few adults currently use the computer lab. In a discussion with a group of high school students they described how their parents were unlikely to use computers since they were unable to read and write.
Evaluation methodology
Through the evaluation in Bohechio, the study investigates correlations between literacy skills and preferred interaction modes, specific opinions towards the interface modes, and general opinions towards multiliterate technologies. The evaluation instrument has three sections: Participant Information, the Literacy Test and the Multi-literacy Experiment.
Participant information section
The first section in the test collects basic information about the interview participant. This includes information on age, occupation, education, reading and writing abilities, use of LINCOS, and use of computers. The literacy questions ask whether the participant can readwrite correctly, with difficulty, only their name, or not at all. Asking this up front allows the interviewer to tailor the interview process to the participant. For example, participants who state that they can neither read nor write will not be interviewed about the text-only interface mode.
Literacy T e s t
The objective of the literacy test is to directly measure the ability of each participant in reading and writing, as this is expected to yield more accurate results than the self-assessment of their skills. The test was developed by Prof. Santiago Samana of the National University of Santo Domingo. It has a scoring methodology that can be used to compare and rank results among the sample group, but does not have an established correlation with education levels found in standardized literacy tests. The test is written in Dominican Spanish using phrases that are appropriate for people in Bohechio. The test consists of a short reading and writing test, each with an evaluation scorecard. It is only applied to participants who self-report skills beyond reading/writing their own name. The reading test has five sentences for the participant to read, increasing in length, grammatical complexity, and vocabulary difficulty. The sentences are written in the local dialect about issues that people in the community are familiar with. The reading is evaluated for clarity, fluidity and comprehension, each on a passlfail basis. A final score is tabulated as the total number of sentences passed, and the score mapped to an approximate literacy level. For the writing portion of the test, the interviewer asks the participant to write a paragraph describing the content of the five test sentences. This is marked for grammar and spelling correctness, and the score matched with an estimated writing skill level.
Multi-literacy experiment
The Multi-literacy Experiment section of the evaluation provides a thorough overview of the system, an opportunity for participants to interact with the technology, and a context within which to elicit their preferences regarding desired modes of interaction. The experiment consists of three sections: navigating messages, message review preference and message entry preference. Each section consists of a demonstration and an exercise. As an example, to administer the interface preference section of the instrument, the interviewer shows the participant each of the interface modes and how to navigate the Bulletin Board in them. The participant is then asked which one they would prefer to work in and to explain their choice. Following this hands-off portion of the test the participant is asked to perform a simple task in the preferred mode. By having participants use the system, it is hoped that they will be in a better position to answer questions on preferences and identify issues in the design of CKS.
in the navigation exercise the participant is asked to find a message in the Bulletin Board. Once completed the participant is asked to comment on how easy or difficult it was to use different elements of the system, such as finding a message, moving around the message structure, and reading the message subject. The participant is also asked how well helshe understood the message icons, button icons and where to look for the discussion.
For the message review exercise the participant is shown the two modes: original and audio. They are asked to state a preference between the two and explain it. For the exercise, the participant is asked to review several messages, one that is recorded voice and one that is text (for participants that read). The participant is then asked to comment on how easy or difficult it was to review the message, read the text, hear the audio and use the controls.
The final section asks about message entry preferences. The participant is shown the three message entry modes: text, textlaudio and audio. They are asked to state a preference and explain it. By this point, the participant will have seen many of the discussions through the previous exercises. They are then asked to choose a discussion of interest and enter a message into the system. If the participant has no computer experience and expresses ,an interest in typing a message, the interviewer provides a short introduction to using the keyboard. The participant is then asked to comment on how easy or difficult it was to add the text or audio, use the microphone and use the recording controls.
Results
In total, sixteen interviews were conducted, ten of which provided meaningful results. The characteristics of these ten participants are as follows: Gender: Four were men, six were women. Occuparion: Three were farmers, four were housewives, three were students. Age: Three were between twenty and thirty years old, one between thirty and forty, two between forty and fifty, and four above fifty. Education: Six began but did not complete primary school, three began but did not complete secondary school, and one was attending a teachers college.
Statistical reporting a n d analysis
The chi-squared correlation statistic is used to study relationships between participant characteristics and their preferences.
The chi-squared value calculates the discrepancy between the observed data, which might be related, and a null hypothesis that assumes that there is no relationship in the data. The associated p-value is reported, which calculates the probability that the correlation calculated by the chi-squared value can be obtained by chance.
Literacy levels in the sample group
Each participant was asked to self-report hisher literacy skills.
For both reading and writing, approximately half the participants responded that they could do so correctly. The remaining half responded that they had little or no abilities. This is broadly consistent with literacy levels in the community; a local priest estimated that 40% of the adult population has very low literacy skills.
In cases where the participants reported skills greater than readindwriting their own name, the literacy test was administered ( Table I) .
The reading test results corresponded closely with the self-reported skill levels.
Those who had a strong result had responded that they could read correctly, those who had a weak result had responded that they could read with difficulty (p = 0.02). All six participants with strong writing results had responded that they could write correctly @ = 0.01). 
Multi-literacy experiment
The multi-literacy experiment was conducted in three stages; participants were first asked for their opinions on interface modes, followed by their preferences when reviewing and entering messages. Each is summarized below.
6.3.1. Interface preference. Participants were shown the three interface modes and asked to select the one they would be most likely to work in: icon, icodtext or text ( Table 2) . The results show a correlation between reading skills and interface preference (p = 0.09).
Three of the ten participants, all having extremely low literacy skills chose the icon-only mode. Two of them stated that having the text on the screen was 'confusing', making the interface more difficult to use.
Five of the participants, four of whom have strong reading skills, preferred the mixed icodtext mode. When showed the interface without the text, they felt that it was more difficult to understand.
Two participants preferred the text-only mode. One had very strong reading skills and felt the icons were a distraction. The second was low literate and believed that education would be provided to him in both reading skills and software use.
With the exception of these last two participants, response to the usefulness of icons was unanimously positive. The specific implementation of icons, however, was not well received. Certain images were hard to decipher (a farmer in a field representing agriculture), and others did not hold the association with the participants that was hoped (the right pointing triangle for play).
Several participants strained to make out the images, and would move very close to the screen. Others, particularly the low-literate community members, referred back to the icons by their color rather than shape or function. For example, the button to play the audio file was referred to as the 'green one'. Three participants, all with strong writing skills, stated the textJaudio mode as their preference and that they would be interested in both writing and recording messages. The reason cited was to ensure accessibility of the messages to the community. None of the three liked the voice synthesis, and preferred to provide their own recordings for the benefit of other users.
The remaining seven preferred recording messages. Three of these had strong writing skills, and four had poor writing skills. Of the first three, two had not previously used a computer, and found the microphone easier to use than the keyboard. The remaining four did not have strong writing skills. 
Discussion
The results of the evaluation Bohechio show that people with low literacy skills prefer iconic interfaces. The comment from several people that text makes the interface 'confusing' suggests that purely iconic interfaces are essential in increasing the accessibility of technology.
Commenting on the multiple interface modes, several participants with strong reading skills stated that the iconic one was the most difficult to use. This suggests a disparity in usability between interface modes in precisely the wrong direction. As the interface is switched from text to icons, the designer should ensure that it does not become harder to use. Text on the screen is often less ambiguous than icons. When the text goes away, one has to compensate for any loss of context. This can be achieved through well-designed icons that users can easily leam to recognize. Another approach is to provide audio prompting. Intermediate interface modes can be designed with varying degrees of audio prompts to help users navigate through the iconic interface. As a simple example, when the Bulletin Board Navigator displays a set of messages in iconic mode, it can highlight each message in tum and automatically playback its audio recording. If people are given control over the interface style, they can switch from an iconic mode with audio prompts, to an iconic mode without audio, and on to text as their comfort with the system grows.
Reactions to the speech synthesis recordings were mostly negative. The sample size is too small to draw meaningful correlations between demographic characteristics and speech synthesis opinions, however the older participants and those with less exposure to computers seemed to have more difficulty understanding the recordings. All participants with strong literacy skills expressed an interest in using text and audio input, text as their personal preference and audio to ensure that their messages were clear to all users of the system. This suggests that mobilizing the participation of the literate user community might be a powerful complement for automated speech synthesis. Hearing local voices rather than a synthesized one would help create a feel of a vibrant online community. However, such participation would likely be a complement to, not substitute for, high quality speech synthesis. Speech synthesis is fully scalable, as the system grows and more types of users join, the probability that speech synthesis will be required to m s l a t e content will increase.
In general, the interest in CKS expressed by the participant group was high. This can either be because people were genuinely interested in the system, or people answered in a way they felt was appropriate given the interview situation. Several participants showed a strong understanding of the concept, could articulate the benefits of using the system in their own terms, and could describe immediate uses to which they would put it. For example, one farmer explained how he would like to start a discussion on the market price of crops he grows and periodically check to see if other users of the system had posted replies.
Conclusion
This paper has presented Community Knowledge Sharing, an asynchronous discussion system designed for use in the developing world. CKS allows communities to interact, share and leam from each other online.
Recognizing that large segments of the population in,rural communities have low levels of literacy, CKS implements a multi-literate design in which the system can be customized based on the abilities and preferences of the user.
Evaluation of CKS was conducted in Bohechio, a rural agricultural community in the Dominican Republic. The study found that low literate users prefer fully iconic interfaces. It also found that speech synthesis was not well received in the community, and that literate users of the system were willing to both record and type their messages to ensure that the content was accessible to everyone.
Future systems must ensure that iconic interfaces provide users with effective audio and visual queues they need to work effectively.
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